ABSTRACT The objective of this study was to determine if increasing hen age and 3 different molting treatments influenced the total microflora counts or the prevalence of Salmonella spp. on the exterior of the egg shell, within the interior shell, or in the contents. Eggs from Hy-Line W-98 and Bovans White layer strains were sampled approximately every 28 d from 70 to 114 wk of age, with the molting period from 66 to 70 wk of age. Layers were utilized from the 35th North Carolina Layer Performance and Management Test and managed under identical husbandry practices. This study consisted of nonfasted, nonmolted, and feed-restricted treatments with the use of 135 eggs per layer strain, for a total of 270 eggs sampled per period. The exterior, interior shell, and contents were spiral plated onto plate count agar to calculate the total aerobic counts. Additional preenrichment, enrichment, conformational, and biochemical procedures were performed to test for the presence of Salmonella spp. Hen age and molting treatment significantly (P < 0.05) affected the microbial loads on all 3 egg components. Exterior, interior, yolk, and albumen counts increased during the molt period to as much as 1 log unit higher than the highest countable plate, which was 10 5 . Exterior, interior, and contents counts significantly increased (P < 0.05) during period 15, with a significant increase (P < 0.05) in the interior also in period 14, and in the contents in periods 14 and 17. There were a total of 360 egg pools, and of those, 4 were positive Salmonella samples. Both the interior and exterior shell components and 2 of the 3 molting treatments had positive samples. Of these positives, 4 were confirmed as Salmonella Braenderup. Three positives were associated with the interior component, whereas 1 positive was associated with the exterior shell component. Three of the 4 samples were related to the nonfasted treatment, whereas the remaining positive was found in the nonmolted treatment.
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Influence of Hen Age and Molting Treatments on Shell Egg Exterior, Interior, and Contents Microflora and Salmonella Prevalence During a Second Production Cycle INTRODUCTION
The relationship between the use of different molting procedures in laying hen flocks and Salmonella enterica serovar Enteritidis has been a topic of debate for many years. Although molting is an important economic tool for the egg industry, some may argue that it places undue stress on the flock, suppressing the immune system and creating an environment suitable for Salmonella Enteritidis growth. Holt (2003) reported that in a simulated flock situation, molted hens excreted higher Salmonella Enteritidis numbers in feces, had increased counts in the internal organs, and were observed as having more intestinal inflammation. Holt also discovered that the hens in this study were 100-to 1,000-fold more susceptible to Salmonella Enteritidis organisms, making them potential vectors for transmission to uninfected birds in neighboring cages. In a study conducted by Butcher and Miles (1994) , it was determined that no matter what factors are involved in causing increased susceptibility to Salmonella Enteritidis infection, laying hens subjected to a forced molt by feed removal are being stressed and are more likely to shed Salmonella bacteria as compared with nonmolted hens.
Molting is a natural physiological process that occurs in chickens, fowl, and other avian species, allowing a cessation of egg production and permitting the reproductive tract and plumage time to regenerate. According to Park et al. (2004) , this gives hens time to recuperate from a long laying cycle while causing a state of ovarian arrest leading to a second cycle of eggs. In 1994, Butcher and Miles reported that with proper procedures, it is possible to achieve a productive life from 70 to 105 wk of age and for an additional 25 to 30 wk if a second molt is used. This is important because laying hens are bred specifically for egg production and the intent of the egg industry is to make a profit. However, although increased egg production is a primary focus, the welfare of the birds is also of great importance (Anderson and Koelkebeck, 2007) .
There are several methods used to force birds into a molt process. During a conventional forced molt, feed is removed or significantly limited, thus inducing molt. Although there has been debate as to which method of induced molting will attain the greatest production rate and egg quality, the traditional induced molt procedure is still used; however, many poultry companies are now using nonfasting programs. It has also been reported that the removal of specific nutrients such as sodium (Whitehead and Shannon, 1974) , iodine (Arrington et al., 1967) , calcium (Gilbert and Blair, 1975) , or zinc (Creger and Scott, 1977) will induce hens into a molt. Bell and Siller (1962) conducted an experiment, which revealed that hens fed a calcium-deficient diet of less than 0.3% would cease egg production within 7 to 10 d. Approaches that do not use complete feed withdrawal are becoming more desirable. According to Biggs et al. (2003) , nonfeed removal techniques are not less effective in recovering postmolt egg production. These methods may include feeding diets high in corn gluten, wheat middlings, or a combination of corn and wheat. These results may suggest that an alternative method of molting may be more animal welfare-friendly than the accepted feed withdrawal regimens. However, Berry (2003) reported that these unconventional practices have not proven to be as effective in ceasing egg production and could potentially cause a decrease in lay without allowing a full rest period. This could mean that the flock would not reach its full postmolt production potential once the molt has concluded. Although it has been noted that an induced molting regimen shows higher incidences of Salmonella Enteritidis (Holt and Porter, 1992) 
MATERIALS AND METHODS
Eggs from 2 commercial layer strains, Hy-Line W-98 (HL) and Bovans White, were used as the source for monitoring the microbial population on in-shell eggs. The hens were managed under the guidelines outlined in the 35th North Carolina Layer Performance and Management Test (Anderson, 2005) , under identical husbandry practices. Each period, on d 28, the previous 24 h of egg production was collected from 5 specific replicates of the utilized hen strains by staff wearing laboratory gloves, hairnets, and jumpsuits to eliminate potential human contamination, then placed in sterile plastic flats, packed in clean plastic bags, and positioned into a 30-dozen case. The eggs were stored in a 4°C walk-in cooler until they were removed from the Piedmont, NC, facility by an Auburn University technician on the day of collection and transported to the Auburn University Poultry Science Building where they were stored overnight in a 4°C walk-in cooler before undergoing microbiological analyses the following day.
Eggs for this experiment were collected from 5 replicates representing the HL and Bovans White strains, with 60 eggs collected from each of the replicates and strains. More eggs were collected than needed for analysis to compensate for any eggs that may have become cracked during transport to the laboratory and were candled to ensure all shells were intact upon arrival. During the course of this 12-mo experiment, 3 molting treatments consisting of nonfasted (NF), nonmolted (NM control), and feed-restricted (FR) groups were utilized (Anderson and Havenstein, 2007) . Forty-five eggs from each replicate/strain combination (135 eggs per respective strain) were randomized, and the set of 135 eggs was separated into groups of 9 egg pools for a total of 15 pooled sets per strain. The microbiological procedures used for this study were obtained from the USDA Food Safety and Inspection Service (2004). Each individual egg was then placed into a small sterile rinsate bag with the addition of 25 mL of buffered peptone water (BPW; Neogen Corp., Lansing, MI). The individual bags were then closed and shaken vigorously by hand for 1 min to ensure that the exterior shells were rinsed thoroughly. Rinsates from individual eggs were then pooled into another sterile bag with a total of 9 rinsates per pool. A small amount of the pooled rinsate was placed into sterile spiral plater cups and 50 µL plated onto plate count agar (PCA; Neogen Corp.) using a WASP spiral plater (Microbiology International, Frederick, MD). The additional rinsate was incubated at 37°C for 24 h for further Salmonella testing.
The eggs were then removed from the original rinsate bag with sterile tongs and flamed by dipping in 70% ethanol and passing through a Bunsen burner. With the exception of period 13 (molt period), eggs were cracked onto sterile foil and the contents (both yolk and albumen) were placed into a sterile stomacher bag, and the shells were placed into a sterile filter bag and gently crushed by hand. However, during period 13 the contents were separated into yolk and albumen pools to determine if microbial counts differed between yolk and albumen and what possible Salmonella organisms could be found in the separated components as opposed to the contents as a whole. The yolks were rolled on towels to remove any adhered albumen, and each component was placed into a separate sterile bag. The results indicated that there was no significant dif-ference (P > 0.05) between the microbial counts of the separated components, so yolk and albumen contents were analyzed together as whole egg for the remaining 11 periods. Beginning in period 14 (1 mo postmolt), the contents were placed in a stomacher bag and homogenized in a Seward 400 Circulator stomacher (Seward, Norfolk, UK) at 200 rpm for 1 min, and 10 mL of contents was extracted and placed into another sterile stomacher bag with the addition of 90 mL of BPW to create a 1:10 dilution. The 100 mL of contents/ BPW was then homogenized in the stomacher for an additional 1 min at 200 rpm. A small amount of the contents was placed into a sterile spiral plater cup to be spiral plated onto PCA. The remaining mixture was placed into an incubator at 37°C for 24 h for further Salmonella testing.
The filter bag containing the shells was gently crushed by hand, and then 90 mL of BPW and the shells were shaken by hand for 1 min to ensure proper washing of the interior shells and membranes. A small amount of this rinsate was also placed into a sterile spiral plater cup for spiral plating onto PCA, and the remaining rinsate was incubated for 24 h at 37°C for further Salmonella testing. All spiral-plated PCA plates from each of the 3 egg components (exterior rinse, interior rinse, and contents, with the addition of separate yolk and albumen plates from period 13) were incubated at 37°C for 24 h to determine total aerobic counts.
After a 24-h incubation period, each set of 9 pooled exterior and interior rinses or contents for each of the components was removed from the incubator and shaken by hand for 1 min to homogenize. Then, 0.1 mL was removed from each bag and placed into 9.9 mL of Rappaport-Vassiliadis R10 (RV; Neogen Corp.) enrichment broth. Simultaneously, 0.5 mL was also removed from the incubated rinsate bag and placed into 9.5 mL of Tetrathionate-Hajna (TT; Neogen Corp.) enrichment broth. The RV and TT tubes were placed into a 42°C incubator for 24 h. The remaining egg rinses and contents were then discarded. The PCA plates that were inoculated the previous day were removed from the incubator and read using a QCount plate counter (Spiral Biotech Inc., Norwood, MA), using the spiral plate function.
The RV and TT tubes were removed from the incubator after 24 h and vortexed to ensure homogeneity. A 0.1-mL bioloop of inoculum was then removed from the tube and streaked for isolation onto brilliant green sulfapyradine agar (BGS; Neogen Corp.) and modified lysine iron agar (mLIA; Neogen Corp.). The plates were then placed into a 37°C incubator for 24 h for the detection of Salmonella and Salmonella-like organ- isms. Positive colonies were indicated by bright pink coloration of the media or colonies on BGS agar and purple to purple-black colonies on the mLIA agar. If positive colonies were detected, they were transferred by the stab and streak method to triple sugar iron agar (TSI; Neogen Corp.) and lysine iron agar (LIA; Neogen Corp.) for biochemical conformation. A positive biochemical test was indicated by a red slant and yellow to yellow-black butt (bottom portion of the tube) for TSI and a purple slant and purple to purple-black butt for LIA. Samples that were positive on both TSI and LIA were then transferred to cryovials by removing colonies with a sterile loop, which contained 1 mL of tryptic soy broth (TSB; Neogen Corp.), with 30% sterile glycerol for future analysis.
Upon completion of the 12-mo study, cryovialed samples were tested for Salmonella conformation using latex agglutination. Samples were removed from the freezer and allowed to thaw at room temperature with 0.5 mL being extracted and placed into 9.5 mL of TSB. After 24 h incubation at 37°C, 1 mL of sample was placed into 9 mL of TSB for another growth cycle. After an additional 24-h incubation was complete, 0.1 mL bioloop of sample was transferred to PCA, streaked for isolation, and incubated at 37°C for 24 h. Individual colonies from PCA were selected and then streaked for isolation onto BGS agar and incubated for 24 h at 37°C to ensure that the sample was positive for Salmonellalike species and that no contamination had occurred during storage, and incubated for 24 h at 37°C. Samples were then tested using Salmonella O antisera (BD Difco, Rockville, MD) and antiserum Vi groups B and D (BD Difco). These 2 groups were chosen because they encompassed the Salmonella serotypes most commonly associated with eggs. Individual colonies from the nonselective PCA media were placed onto disposable agglutination test sheets with the addition of the antisera. Both positive and negative controls were used to verify each sample. A clinical rotator (Fisher Scientific, Pittsburgh, PA) was utilized to aid in the agglutination process; the samples were gently swirled for 1 to 2 min. Positive agglutinations were confirmed by the observance of coagulated areas within the sample. Negative agglutinations showed no signs of coagulation and the sample retained its initial integrity. Samples that were agglutination-positive for Salmonella were then sent to the National Veterinary Services Laboratories (Ames, IA) for serotyping.
Statistical Analysis
The experimental design of the study was a 2 × 3 × 11 factorial arrangement of a completely randomized design, representing the 2 hen strains (HL and Bovans White), the 3 molting treatments (NF, NM, and FR), and the 11-mo study period in which the separated yolk and albumen components from the molt period were combined and analyzed as whole egg. For the molt period (period 13), microbial counts were analyzed as exterior shell, interior shell, yolk, and albumen using the PROC GLM and PROC FREQ in SAS version 9.0 (SAS Institute, Cary, NC). Plate counts were converted to base-10 logarithm values and subjected to ANOVA using PROC GLM and Fisher Protected LSD in SAS version 9.0. Frequencies were obtained using the PROC FREQ procedure of SAS. Results indicating a zero count in bacteria were analyzed at the lowest detectable limit of 0.9 cfu/mL, whereas results indicating a too numerous to count measurement were set to a limit that was 1 log unit higher than the highest detectable plate count (100,000 cfu/mL).
RESULTS AND DISCUSSION
The values reported in the figures represent the average of the 2 strains, the 3 molting treatments, and replicates for a given period. As shown in Figure 1 , exterior, interior, yolk, and albumen counts, when compared with exterior, interior, and contents counts shown in Figure 2 , increased during the primary molt period to as much as 1 log unit greater than the highest countable plate, which exhibited a 10 5 value. In essence, the average interior counts for periods 14 to 24 indicate a 2 log decrease from those found during the molting period, whereas contents counts showed an approximate decrease of 3 logs, and exterior counts decreased by 2 logs. This proves that bacterial shedding during the molt period was greater than all other periods. This is consistent with studies that suggest molting increases the frequency of bacterial shedding. Hen age significantly (P < 0.05) affected the microbial loads on all 3 tested egg components (Figure 3 ), whereas molting treatment had a significant (P < 0.05) effect on the frequency of Salmonella-positive samples ( Figure 4) .
As shown in Figure 3 , exterior, interior, and contents counts rose (P < 0.05) during period 15, with an increase (P < 0.05) in the interior counts in period 14, and in the contents in periods 14 and 17. The increase in counts during the first 2 periods postmolt could potentially be due to stress caused by the molt, whereas the increase in counts in later periods could be related to hen age and resumed egg production postmolt. Although there was a significant difference (P < 0.05) across periods, there were no differences (P > 0.05) in the amount of aerobic bacteria found within each molting treatment. This observation suggests that molted and nonmolted birds shed the same amount of bacteria. This contradicts that theory that nonmolted birds will shed fewer bacteria than nonfasted or feed-restricted birds.
Molting treatment, however, did have a significant (P < 0.05) impact on the frequency of Salmonella-positive samples. The results, indicated in Table 1 , show that the greatest number of Salmonella-positive samples occurred in the nonfasted and nonmolted treatments. This discovery contradicts the findings of previous studies, which state that induced molting, including a feed restriction treatment, has been shown to increase shedding of Salmonella bacteria. However, this experiment showed that the feed-restricted treatment had the lowest frequency of Salmonella when compared with the other 2 treatments. The discrepancy in results from previous studies could be due to the fact that this trial did not inoculate the hens in the beginning. We were simply looking for the natural occurrence of Salmonella Enteritidis with no predisposed bias. Many studies similar to this one used hens infected with Salmonella Enteritidis to ensure concentration in the gut and therefore promote bacterial shedding. The results obtained in Figure 5 also indicate that an increase in hen age had an effect on Salmonella frequency. It was discovered that the greatest occurrence was detected in period 21 when 3 interior and 1 exterior proved to be Salmonella positive.
All eggs produced by the 2 laying strains (Bovans White and HL) during the collection period were utilized in this experiment. There were a total of 360 egg pools, and of those, 4 were positive Salmonella samples. Two components and 2 molting treatments had positive samples. The 4 Salmonella Braenderup samples were identified in period 21. Three positives were associated with the interior component, whereas 1 positive was associated with the exterior shell component. When comparing these results with the molting treatments used, it was revealed that 3 of the 4 positive samples were related to the NF treatment, whereas the remaining positive was found in the NM treatment. None of the Salmonella found in association with the shell eggs used for this study could be correlated to the samples taken of the environment. Although Salmonella Infantis and Ohio were discovered in the environment, these serotypes were not discovered in the eggs. This would suggest that the serotypes indicated with the shell eggs were not due to environmental contamination but could be due to fecal contamination from the hens.
Conclusions
In summary, the findings of this study suggest that an induced feed-restricted molting treatment does not increase the incidence of Salmonella spp., including Salmonella Enteritidis, which has been documented to increase during molting. Of the Salmonella positives discovered in this trial, none were found to be Salmonella Enteritidis. This is potentially because this experiment focused on the natural occurrence of Salmonella Enteritidis, and no hens were inoculated with bacteria in this study. The results of specific serotyping indicated that the strains found in the shell eggs did not match those of the environmental samples. Although 3 of the 4 Salmonella Braenderup positives were linked to the interior shell, no Salmonella was found in the contents (yolk and albumen) of the eggs. This supports the theory that Salmonella infection could have occurred at some point through the duration of the study. This mode of transmission would provide a viable opportunity for organisms to enter into the shell eggs. Although bacteria can travel through the pores and into the interior shell membranes and matrices, the albumen does not provide a suitable growth medium, being deficient in nutrients and laden with antimicrobials.
